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Com distillers solubles (CDS), a coproduct from dry grind com ethanol plants, is 
often available at a low cost. Two experiments were conducted to evaluate CDS when fed to 
finishing steers replacing molasses and a portion of the com and urea. Steers were fed diets 
containing dry rolled corn, com silage, chopped grass hay and supplement. In Exp. I, 96 
steers (Angus and Charolais crossbred, 388 kg) were stratified by weight and randomly 
allotted to 16 pens containing six steers each and four pens allotted at random to 4 
treatments. The 4 treatments were 00/o, 4%, 8% and 12% CDS and fed for 109 days. Daily 
feed, gain and gain/feed were 9.44, 10.06, 10, and 10.06 (kg/d); 1.75, 1.78, 1.76, and 1.79 
(kg/d); 0.185, 0.177, 0.176, and 0.179; for 0, 4, 8, and 12% CDS, respectively. Feed intake 
increased when CDS was added to the diet (P = 0.012). Gain, gain/feed, and carcass traits 
were not statistically different (P > 0.1). In Exp. II, ten steers were used in a Latin rectangle 
to evaluate replacing dry rolled com and urea with 4% and 8% CDS, or 10% and 20% wet 
com distillers grain with solubles (WDGS). The steers were placed in digestion crates for 
total collection of feces and urine during a 5 d period following 14 d of diet adaptation. 
Intake (kg/d) ofDM, starch, NDF, ADF, CP, and fat were: 7.99, 8.71, 8.62 & 8.41, 7.83; 
4.92, 4.87, 4.93, & 4.81, 3.95; 1.19, 1.25, 1.19, & 1.42, 1.42; 0.43, 0.48, 0.45, & 0.56, 0.55; 
0.96, 1.08, 1.03, & 1.03, 1.03; 0.27, 0.35, 0.43, & 0.43, 0.50; for 00/o, 4%, 8% CDS and 10%, 
20% WDGS. Respective apparent digestibilities ofDM, starch, NDF, ADF, CP, and fat were 
79, 78, 76 & 77, 76; 97, 94, 95, & 95, 94; 53, 52, 46 & 52, 56; 41, 45, 37, & 48, 50; 72, 72, 
70, & 69, 69; 63, 66, 65, & 68, 75. Replacing com and urea with distillers coproducts did not 
affect DM intake or digestibility ofNDF, ADF, or CP (p > 0.05), but did increase fat intake 
(p < 0.01). Feeding WDGS increased NDF and ADF intake (p < 0.01). The steers fed 20% 
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WDGS had a lower starch intake than the control diet (p < 0.01) and along with 4% CDS diet 
had lower starch digestibility compared with the control diet (p < 0.05). Steers fed 8% CDS 
had a lower DM digestibility (p = 0.04). Steers fed 200/o WDGS had a significantly higher 
fat digestibility (p < 0.01). The results of these studies suggest that CDS can replace a 





This thesis is organized in the general fashion of an introduction followed by a 
literature review. A manuscript to be submitted to the Journal of Animal Science follows the 
literature review and general conclusions, appendices, references, and acknowledgements are 
at the end. 
Introduction 
The recent high price for gasoline, currently above $2 per gallon, has sparked interest 
in renewable energy alternatives. Ethanol is one renewable alternative that has gained 
popularity and resulted in a rapid growth in dry grind fuel ethanol plants. However, the use 
of ethanol as an alternative fuel to oil is not a new concept. Ethanol has been used as a fuel 
source ever since it was introduced in the early 1900's. In fact the early Ford Model Thad a 
carburetor adjustment that allowed the vehicle to run on either gasoline or ethanol produced 
by American farmers. Henry Ford's vision was to build a vehicle that was affordable to the 
working family and powered by a fuel that would boost the farm economy (Kovarik 1998). 
According to Bothast and Schlicher (2005), ethanol was used until the end of World War II 
when petroleum and natural gas became cheap and abundant sources of fuel. There was 
renewed interest in ethanol in the 1970s with oil disruptions in the Middle East and the 
phase-out oflead as an octane booster for gasoline (Hunt, 1981 ). The passage of the Clean 
Air Act Amendments by congress in 1990 (which mandated the use of oxygenated fuels) 
spurred the development of oxygenated fuels like ethanol (Bothast and Schlicher, 2005). 
Ethanol and methyl tert-butyl ether (MTBE), oxygenated fuels, are mixed with gasoline to 
form reformulated gasoline (RFG) which is required by the air act amendments in 1990. 
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However concern arose over the contamination of ground water with MTBE (In fact the 
state of California mandated 100% removal ofMTBE by December 31, 2002; RFA, 2000). 
The demand for ethanol, being the major remaining oxygenate for RFG, has consequently 
increased. In 1980 approximately 175 million gallons of ethanol were produced (Urbanchuk, 
2005a). According to the Iowa com promotion board (ICPB, 2005), US ethanol production 
had increased to about 1 billion gallons per year in 1996, but in 2004 1.25 billion bushels of 
com were used to produce approximately 3. 41 billion gallons of ethanol (Urbanchuk, 2005). 
Approximately 17 lb. of dry coproducts are produced per bushel of com which would result 
in over 10.625 million tons (DM basis) of coproducts produced in 2004. Today, most of the 
ethanol production is from com and comes from either the wet mill (33%) or dry grind (67%) 
processes (Bothast et. al. 2004). The main coproducts from these plants are com gluten feed 
(CGF) from the wet mill plants and distillers grains with solubles (DGS) from the dry grind 
plants. Most of the new growth in ethanol production is from expansion of existing or 
building of new dry grind plants. In 2004 approximately 7 million tons (DM basis) of 
coproducts came from the dry grind plants. 
During the last century, livestock producers have relied heavily on highly valued 
crops to feed their cattle. Com grain and silage, alfalfa hay and silage as well as other highly 
productive crops have been used extensively in cattle diets. With feed costs accounting for 
approximately 500/o to 60% of total costs an increase in feed cost can greatly affect the 
profitability of an operation. This has led many operations to look for alternative feed 
sources. By-product feeds (BPF) produced from wet milling, brewing, dry milling, and other 
food or feed processing industries have been recognized as potential alternatives for decades 
(Belyea et al. 1989). The increase demand for corn sweeteners and high oil prices has 
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resulted in a considerable expansion of these industries. The resulting by-products (as they 
were originally referred to) or coproducts are gluten feed or distillers coproducts. 
The fermentation of com grain to ethanol in the dry grind plants produces ethanol, 
distillers grain (DG) and a liquid portion called thin stillage or "sweet water'' (Sharp et al, 
1996a). This liquid fraction is often condensed to a syrup called condensed distillers solubles 
(CDS). The CDS is then usually added back to the DG to make distillers grain with solubles 
(DGS; Davis, 2001 ). Originally these distillers coproducts were thought of as just a remnant 
of the ethanol process and little emphasis was put on quality control or marketing aspects of 
the coproducts (Belyea, 1989). As ethanol production increased to meet demand, prices 
decreased and the fiscal viability of the dry grind industry became dependent on the 
coproducts, particularly DGS, providing revenue in addition to ethanol. Distillers grain with 
solubles, based on studies with growing and finishing beef cattle and lactating dairy cows, is 
considered to be an excellent feed for cattle. However, there was a lot of variability within 
and among ethanol plants (Knott et al., 2004). As the coproducts became more important 
economically the new and existing plants began to consider producing a more consistent 
coproduct that would be more acceptable to livestock producers. These plants are usually 
referred to as the new generation plants. These plants were built about 2000 or later and 
produce a more consistent coproduct that is more marketable throughout all livestock 
species. The coproducts from the dry grind and wet mill industry may offer the livestock 
industry a tremendous opportunity to reduce feed cost without sacrificing performance. 
Ethanol coproducts can be fed in a wet (30-500/o DM) or dry form (900/o DM). There 
has been a lot of research on DGS but most of that has been with the old generation plants or 
with the dry DGS (DDGS; Spiehs et al., 2002). There has been little research done with 
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feeding wet DGS (WDGS), from new generation plants, to cattle. There has been even less 
research done to evaluate the feeding value of CDS for cattle. The purpose of these 
experiments was to evaluate the wet coproducts from a modem dry grind com ethanol plant. 
In experiment, one ninety-six yearling steers weighing approximately 3 86 kg were used in a 
study to evaluate condensed distillers solubles (CDS) from a dry mill com processing plant 
as a replacement for a portion of the com grain and supplemental nitrogen in a finishing 
ration supplemented with urea. In the second experiment, ten steers were used in a Latin 
rectangle digestion trial to evaluate CDS and wet distillers grain with solubles (WDGS) from 
a modem dry mill com ethanol plant 
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CHAPTER 2. LITERATURE REVIEW 
Production of Fuel Ethanol and Coproducts 
Today, most fuel ethanol is produced by either the wet milling or dry grind process. 
Current technologies allow for 2.5 gallons (wet mill) and 2.8 gallons (dry grind) of ethanol 
per bushel of com (Bothast and Schlicher, 2005). The wet mill and dry grind processes can 
both produce ethanol but each system has a different goal. The main goal of the wet milling 
process is the production of pure starch. On the other hand, the main goal of the dry grind 
process is to produce ethanol. The difference in goals results in different coproducts that 
may seem confusing at first. It is easier to understand the differences in coproducts by first 
understanding the two processes. 
The wet milling process seeks to optimize every part of the com kernel producing 
starch, com oil, and feed products (Davis, 2001). The production of these products begins 
with the delivery of com grain to the plant. After the grain is cleaned it is conveyed into 
large tanks called steep tanks where the grain is soaked for 30-50 hrs at 120-130°F in a dilute 
sulfur dioxide solution. This process softens the com kernels and allows soluble nutrients to 
be absorbed into the water. This water is eventually evaporated to concentrate the nutrients 
to form condensed com fermented extractives or com steep liquor (Davis 2001). The germ is 
then removed from the softened kernel and the oil is removed from the germ (Bothast and 
Schlicher, 2005). After the removal of the germ the rest of the kernel is screened to remove 
the bran leaving the starch and gluten protein to pass through the screens. The remaining 
germ meal and condensed steep water is added to the fiber and the hull to form com gluten 
feed. The starch and gluten slurry is then centrifuged and the lighter gluten protein floats to 
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the top and the heavier starch to the bottom. The gluten protein is then concentrated and 
dried to form com gluten meal, a 600/o protein feed (Davis, 2001). Some of the starch is 
modified and can be marketed to the food, paper, and textile industries. The remaining starch 
can be processed into sweeteners or ethanol. The wet-milling process produces four major 
products starch, steep water, com gluten meal, and com gluten feed. The com gluten meal 
has high levels of xanthophylls which gives poultry diets an efficient yellow pigmenting 
ingredient (Davis, 2001 ). The yellow pigmentation helps to give birds their signature yellow 
beaks and legs. The steep liquor and gluten feed are usually fed to cattle as feed supplements 
The main goal of the dry grind process in to produce ethanol. The general idea of the 
dry grind process has not changed since the beginning of the 20tli century but efficiency of 
the process has increased dramatically. At the beginning of the new generation dry grind 
plants (around the late 1990s) the guarantee from the ethanol plant designers was 2.65 
gallons of ethanol per bushel of com. Technology and experience has now changed the 
guarantee from some manufacturers to 2.80 gallons of ethanol per bushel of com (GGE 
2005a). In fact some of the plants that began producing ethanol in 2005 are currently 
producing over 2.9 gallons of ethanol per bushel of com. So there have been a few 
improvements in efficiency in the dry grind plants. To better understand these changes one 
must first understand the dry grind process. 
The dry grind process begins about the same as the wet mill process in that com grain 
comes into the plant and is cleaned. However, the process is quite different after that. The 
clean grain is then ground into a medium-coarse to fine ground meal. The meal is then 
mixed with fresh and recycled waters to form a slurry or mash (RFA, 2005). The pH of the 
mash is adjusted to 5-6 and cooked at 180-195°F. An alpha amylase enzyme is also added to 
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facilitate the hydrolysis of the cornstarch to dextrin (long chain sugars). This step is usually 
referred to as liquefaction. After complete liquefaction of the starch the mash is cooked to 
kill unwanted bacteria. The mash is then cooled to 90°F and sent to a fermentation vessel 
where a glucoamylase enzyme is added to convert dextrins to the simple sugar dextrose. 
Yeast is then added to metabolically convert dextrose into ethanol and carbon dioxide. The 
fermentation process generally takes 40 to 50 hours (GGE, 2005a). After fermentation, the 
resulting "beer" is transferred to distillation columns where the ethanol is separated from the 
remaining "stillage." The ethanol is then further refined and then shipped to gasoline 
terminals or retailers. The remaining stillage is sent through a centrifuge that separates the 
coarse solids from the liquid. The liquid is referred to as thin stillage or sweet stillage. The 
stillage is usually concentrated in an evaporator to become com condensed distillers solubles 
(CDS) or syrup. The coarse solids collected in the centrifuge are referred to as wetcake 
(Davis, 200 I). The wetcake can be marketed as wet distillers grain (WDG) or CDS can be 
added to the wetcake and sold as Wet Distillers Grain with Solubles (WDGS, 30-400/o DM). 
The wetcake and/or CDS can be partially dried, combined and sold as Modified Distillers 
Grain with Solubles (-500/o DM). The wetcake and solubles also can be combined and dried 
in a rotary dryer to be sold as Dried Distillers Grain with Solubles (DDGS, 900/o DM). 
Research with cattle has indicated that the coproducts of the dry grind plants have high 
nutritional value as a source of protein and energy (Trenkle, 2005). However, most of the 
research has been done with products from the old generation plants and with DDGS because 
ofit's extended storage life and ability to be shipped over long distances. The main changes 
in the new generation ethanol plants are with the enzymes and drying process. New 
technology has been used to improve the enzymes and their efficiency in converting starch to 
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dextrose resulting in more non-bound sugars that are available during fermentation to be 
converted into ethanol. So more ethanol is produced and the nutrients in the coproducts are 
more concentrated. Improved com hybrids have also improved the efficiency of the ethanol 
industry. The new com hybrids, referred to as processor preferred, have been developed with 
higher extractable starch (HEC) or higher fermentable starch (HFS) content, for the wet mill 
or dry grind ethanol production, respectively (Bothast et al., 2004). The drying of the DDGS 
has become quite expensive with increased cost of gas used to heat the dryers which has 
made ethanol plants look at selling more wet or modified coproducts. These are just a few of 
the reasons for renewed interest in researching and using wet or modified distillers 
coproducts as livestock feeds. 
Tjardes and Wright (2002) stated that there are significant challenges that must be 
met before feeding distillers coproducts. Larson et al. (1993) also stated that because of the 
high moisture content, wet coproducts are expensive to transport and readily mold. That is 
why when feeding distillers coproducts, or any other feed supplement for that matter, one 
needs to consider that not every class of animal should be fed the same amount or same 
product. So there are different feeding recommendations for distillers coproducts depending 
on distance from the production plant, the animals that will be fed the coproducts and the 
number of animals being fed the coproducts. There are a few things to consider before using 
distillers coproducts, but the coproducts are still a good source of protein and energy that 
could lower feed costs. 
Use of Distillers Coproducts for Beef Cow Diets 
Supplementation programs are integral parts of most beef cow operations. 
Supplementation may be used to meet some portion of the annual feed requirements in 
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ranching systems that are dependent on low-quality forages (Loy et al., 2004). The 
supplementation may occur during summer grazing low quality pastures that are deficient in 
protein and/or energy. Supplementation may also be needed when feeding stock-piled 
forages or cornstalk residue. Other feed sources used for winter feeding like low quality hay 
or corn silage may require supplementation to balance the nutrient needs of a dry beef cow. 
These forages are inexpensive feeds that are lower in protein and energy. Lower quality 
feeds may meet the cow's nutritional needs during the second trimester of gestation but 
requirements are higher during the end of the third trimester and after calving. 
Supplementation of beef cows is expensive but reducing frequency of feeding is one means 
oflowering costs associated with supplementation programs (Loy et al., 2004). Researchers 
have reported success in decreasing frequency of delivery of high-protein supplements, 
largely as a result of the animals' ability to recycle N to the rumen (Loy et al. 2003). 
However, decreasing the frequency of energy supplementation has not worked. The 
reduction in feeding frequency results in more supplement per feeding and more starch being 
consumed at one time. This may lead to a depression in forage utilization from the negative 
associative effect between starch and forage digestibility (Loy et al. 2004). It would be 
advantageous if the same commodity could be used for supplemental protein and energy as 
long as it is low in starch. Distillers coproducts should be a suitable supplement for beef 
cows since they contain highly digestible fiber, an excellent source of bypass protein, and 
energy in a form that should not affect forage utilization. 
However, very little research has been done with using distillers coproducts to 
supplement diets for beef cows. Hutjens (2002), indicated that DDG or WDG can be fed to 
beef cattle. Recommendations were: non-lactating beef cows consuming low quality hay be 
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supplemented with 7 lbs. ofDDG or 15 lbs. ofWDG, I lb DDG to balance nutrients for dry 
beef cows fed mainly com silage, lactating beef cows fed low quality hay may require up to 
15 lbs. ofDDG or 30 lbs. ofWDG, and lactating cows on a com silage based forage program 
may require 4 lbs. ofDDG (Hutjens, 2002). Research by Klopfenstein (2001) compared the 
supplementation of beef cows with distillers grain or soybean meal. Klopfenstein concluded 
that using distillers grains and soybean meal for supplementation should have an equal 
feeding value but ingredient costs for the SBM supplement were higher. Doering-Resch et al. 
(2005) studied supplementing com stalks with sunflower meal, soybean oil and/or DDGS 
using the NRC (1996) for determining requirements for supplementation of poor-quality 
forage with DDGS. The recommendations using the 1996 NRC were to feed over 3.2 kg/day 
of DDGS to meet the DIP of gestating cows. However, since cattle can recycle N, Doering-
Resch et al. (2005) believed that it is possible to feed a smaller amount. The experiment used 
96 gestating cows and three dietary treatments. Treatments consisted of ground cornstalks 
and mineral supplement ad libitum, and one of three supplements: 1.47 kg/d of sunflower 
meal with soybean oil, 0.79 kg/d sunflower meal with soybean oil and .73 kg/d ofDDGS, 
and 1.43 kg/d DDGS. Dry matter intake, weight, BCS, ultrasound rib fat and rump fat were 
not affected by treatment. The results show that about 1.43 kg/d ofDDGS are needed to 
meet the protein and energy requirements of a gestating cow. 
Mixing wet distillers coproducts with low quality forages is another alternative for 
supplementing beef cows. The wet coproducts have a short storage life because of their 
moisture content which leads to rapid spoilage in the summer and freezing in the winter. So 
mixing the wet coproducts with low quality forages not only improves the quality of the 
forage but also extents the storage life of the coproducts. Work has been done at South 
11 
Dakota State University with ensiling WDG with other feeds. Garcia and Kalscheur, (2004) 
stated that WDG can be adequately preserved when ensiled alone or in combination with 
other feeds. They put WDG in silage bags by itself, used a mix of WDG and soybean hulls, 
and a mix ofWDG and wet beet pulp. Garcia and Kalscheur (2004) concluded that ensiling 
WDG with soy hulls or wet beet pulp is an effective method of preservation. An area that 
holds promise is the use of crop residues such as com stalks blended with WDG or CDS. 
The Iowa Beef Center conducted a storage demonstration with CDS and cornstalks in 
December 2004 (unpublished data). CDS was added to ground com stalks as they were 
conveyed out of the grinder. The material was then pushed into a pile in a bunker and 
packed. The pile was then covered and later fed as a complete late gestation diet for beef 
cows. The targeted mixture was 35% CDS and 65% ground com stalks on a dry matter 
basis. The resulting mixture was about 30% CDS on a DM basis and about a 50:50 mixture 
on an as fed basis. The mixture was calculated to have 50.8% DM, 9.4% CP, 7.5% fat, and 
60% TDN. The mixture was highly palatable to the cows and provided adequate nutrition for 
the last 1/3 of gestation. 
Research has shown that distillers coproducts are good supplements for low quality 
forages. The coproducts may be used as a supplement by themselves, as a supplement mixed 
with other products like soy hulls, or as a complete feed when mixed and ensiled. It is 
important to consider the individual feed characteristics of the distillers coproducts as well as 
ease of handling before choosing a product and how the product will be stored. The use of 
distillers coproducts as supplement gives beef cow producers different options for forage 
supplementation and usually a chance to reduce feed costs. 
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Distillers Coproducts in Young and Growing Calf Diets 
There has been very little research on feeding distillers grain to calves. However, the 
best use of distillers grains with beef cattle is as a protein source for young, growing animals 
(Kubic and Stock 1990). Distillers grains could be used in creep-feed, receiving diets (diets 
for calves when they first arrive at the feedlot) and growing diets before calves are put on a 
finishing diet. Grains are usually used when creep feeding calves to supplement their 
mother's milk and pasture (Buchheit, 2002). However, ifthe creep feed is high in starch 
there may be a depression in forage utilization due to the negative associative affects of 
starch on forage digestibility in the rumen (Loy et al. 2004). Forages are often low in protein 
and phosphorus and need to be supplemented. So creep feed should contain less starch but it 
should also contain undegraded or bypass protein since forage protein is highly degraded in 
the rumen (Klopfenstein, 2001). Distillers grains fill all of these requirements since they are 
low in starch, high in bypass protein, an excellent source of phosphorus and potassium, two 
essential minerals, and highly palatable (Buchheit, 2002). Buchheit (2002) recommended 
feeding DDGS up to 200/o of the DMI in creep feeds for calves. Research at the University of 
Illinois with early-weaned calves suggests that energy intake early in the feeding program 
can increase marbling when the animals are finished. Research by Wertz et al. (2001) 
suggested that increased energy density by feeding DDG may stimulate marbling deposition 
early in the finishing phase and result in a higher quality grade. Research at the University of 
Illinois also suggests that higher energy creep feed may improve quality grade (unpublished 
research). The higher energy content and by-pass protein make distillers coproducts and 
excellent feed source for creep feeding young calves. 
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Feeding distillers grains in receiving diets is beneficial since these diets contain more 
forage and the calves usually have been grazing or fed forage. If the calves have been 
stressed with transportation they often are reluctant to consume new feeds during the first 
two weeks (Fluharty and Loerch, 1995). Since the DMI is low, higher concentrations ofCP 
would be needed to offset the low DMI. Mateo et al. (2004a) experimented with feeding 
DDGS in receiving diets. Overall 288 steers (over two years) were assigned to four 
experimental diets: 1) 200/o SBM and corn, 2) 200/o DDGS and corn, 3) 200/o WOOS, or 4) 
200/o blood meal, oil and com. In year 1 the diets contained 74% alfalfa/grass hay, 4% 
molasses, and 2% supplement with 200/o experimental supplements for the first 28 d. During 
the subsequent 56 days the diet consisted of500/o alfalfa/grass hay, 4% molasses, 2% 
supplement and 24% cracked com. During year 2 the animal were fed the same diets over a 
57 day period. In first year, ADG, DMI, and G:F were not affected by diet throughout the 56 
d trial. In second year, DMI, ADG and G:F were not affected in the first 28 days of the trial. 
However, during next 29 days steers fed WOOS had greater ADG than the SBM fed animals. 
The steers fed WDGS were more efficient during the second period and had a better G:F 
ratio. Mateo et al. (2004a) concluded that DGS (wet or dry) is an effective protein 
replacement for SBM in receiving and grower diets. Ham et al. (1994) did a similar trial 
with growing calves fed sorghum silage (32.12% DM), corncobs (500/o DM), dry supplement 
(3.85 or 2.65% DM) and one of five experimental diets. The diets were supplemented with: 
1) 14.03% finely ground com with supplemental urea, 2) 9.52% WDG and 5.71% thin 
stillage, and 3 diets containing 15.23% DDGS with low, medium and high levels of ADIN. 
Calves fed the control diet containing urea gained less than the diets containing distillers 
coproducts (P < .001). The trial also looked at how different levels of ADIN in DDGS 
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affected animal performance. Nitrogen that is found in the ADF portion (ADIN) is usually 
bound and mostly unavailable to the animal that consumes the ADIN. However in this 
experiment different ADIN levels in the DDGS did not affect ADG or protein efficiencies. 
Ham et al. (1994) concluded that ADIN is a poor indicator of protein damage in distillers 
coproducts and that distillers coproducts are a good source of by-pass protein that is highly 
digestible. Weigel et al. (1997) suggested that receiving and cattle starting on finishing diets 
perform well when fed distillers grains. 
Stocker calves are young, lightweight calves raised primarily on forage diets until 
they reach a desired weight. Heifer calves are then used as replacement heifers for the herd 
or placed in a feedlot like the steers. Stocker calves are usually fed high forage diets that are 
inexpensive and help provide cheap animal growth and weight gain. Supplementation can 
dramatically affect performance during grazing. Optimization of performance is the ultimate 
goal of supplementation, but the cost of the gains must be considered (Bock et al. 1991). 
Studies on supplementing forage with DDGS have been done at the University of Nebraska. 
One experiment by MacDonald et al. (2005) used 120 heifers grazing smooth bromegrass to 
determine the effects of DDG supplementation on ADG and forage intake and determine 
effects of undegraded intake protein (UJP) and ether extract (EE) in DDG on ADG. UIP is 
protein that is not fermented or changed in the rumen. UIP is important because one or more 
amino acids needed by the animal might not be produced by the microbes in the rumen which 
makes the UIP the only source of those amino acids. Animals were either allotted to the 
control or one of nine treatment groups that were supplemented: 1) DDG at 0. 750, 1.50, or 
2.25 kg/d (DDG, UIP=l5.8%, EE=9. 7); 2) 55.4% com gluten meal (CGM), 34.6% com bran, 
and 8.00/o molasses fed at 0.375, 0.750, or 1.125 kg/d (CG~ UIP=31.6%, EE=0.8%); 3) 
15 
18.4% com oil, 73.6% com bran, 8.00/o molasses fed at 0.375, 0.750, or 1.125 kg/d (Oil, 
UIP=0.7%, EE=l9.3%); and 4) Control diet 92% com bran, 8.0% molasses at 0.250 kg/d. 
The supplementation with DDG increased ADG and reduced feed intake in this experiment. 
However, feeding diet 2 (high in UIP) or diet 3 (high in EE) had no affect on performance 
compared to the control diet. MacDonald et al. (2005) saw performance differences when 
heifers were supplemented with high UIP or EE so they concluded that the increased gain 
with DDG supplementation was not explained by UIP or EE in the DDG but is likely 
explained by the combination of UIP and EE in DDG. 
Another experiment by Morris et al. (2005), used 56 (BW = 311 kg) steers to predict 
forage intake, replacement of forage, and effects on animal performance from increasing 
supplement levels of dried distillers grain with solubles (DDGS). The steers were allowed to 
graze Nebraska Sandhill range for 88 days during the summer. The DDGS supplement was 
fed six cl/week at five levels, 0, 0.257, 0.514, 0.770, and 1.027 % BW. DDGS levels were 
adjusted as the steers gained weight during the trial and three fistulated cows were used to 
collect forage samples and determine TDN of the forage. With increased intake ofDDGS, 
forage intake linearly decreased and ADG linearly increased. Morris et al. (2005) concluded 
that supplementing grazing steers with DDGS appeared to replace forage and increase ADG. 
So ifDDGS is economically feasible (availability, price, and transportation costs considered) 
then more animals can be fed on the same number of acres and result in a shorter time for the 
animals to gain a given amount of weight. The palatability of distillers grains along with the 
quality of their protein, and low starch content make them excellent ingredients for cattle fed 
high forage diets. 
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Distillers Coproducts in Feedlot Diets 
There are generally two philosophies regarding the feeding of distillers coproducts. 
Feeding distillers coproducts at 6 to 15% of the diet dry matter are primarily serving as a 
source of supplemental protein. When distillers coproducts are fed at higher levels (higher 
than 15% ofDM diet), the coproducts primary role is a source of energy replacing com 
(Klopfenstein, 2001 ). The distillers coproducts for finishing cattle are usually available in at 
least four different forms, dried distillers grains with solubles (DDGS) 90% DM, wet 
distillers grains with solubles (WDGS) 35-45% DM, modified distillers grains with solubles 
(MDGS) -500/o DM, and condensed distillers solubles (CDS)or syrup 30-40% DM. DDGS 
is routinely fed as a supplemental protein source, however the drying process appears to 
reduce the energy value ofDDGS. Ham et al. (1994) demonstrated a 9% improvement in 
feed efficiency when DDGS replaced 40% of the dry rolled com. However, this was only 
half of the improvement observed with feeding WDGS when it replaced the same amount of 
dry rolled com. So there are some differences in the distillers coproduct values, but how are 
they different and what are the feeding recommendations? 
Dried Distillers Grain 
DDGS has an apparent energy value approximately equal to or slightly higher than 
com grain because of its bypass protein, highly digestible fiber and about 3 times more fat 
than com (Aines et al. 1986). Cattle readily consume DDGS because of its palatability. The 
feeding ofDDGS does not affect carcass quality or yield grades (Trenkle, 2003). lfDDGS 
is less than the cost of com grain then the cost of gain will be reduced. A recent trial by 
Gordon et al. (2002) supported earlier research that DDGS fed at 10 to 200/o of the diet on a 
DM basis has the same energy value as com. Gordon et al. (2002) conducted a 153-day trial 
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with 345 heifers to determine the optimum level ofDDGS. Diets contained six levels of 
DDGS: 0%, 15%, 300/o, 45%, 60%, or 75%. Feeding DDGS significantly affected final 
weight, hot carcass weight, and ADG (P < 0.05). Cattle fed 0 and 300/o DDGS had similar 
gains and finished weights. Heifers fed 15% DDGS had the best performance and feeding 
DDGS above that level decreased performance. Though the optimum level ofDDGS in this 
experiment was approximately 15% on a DM basis the results showed that DDGS could be 
fed up to 300/o without affecting performance or carcass traits. To optimize the performance 
of cattle, DDGS should be fed to meet the protein requirements of the animal, but can be fed 
up to 30% without affecting performance or carcass value. 
Condensed Distillers Solubles 
Condensed com distillers solubles (CDS) or syrup is another distillers coproduct that 
can be fed to finishing cattle to replace the protein supplement and com. This liquid 
coproduct is about 30 to 400/o DM. Usually CDS is added to distillers grains at the ethanol 
plant but sometimes not all of the CDS can be added to the grain. CDS provide additional 
protein and energy to a diet but also add moisture to reduce dust in dry diets. Experiments 
conducted at South Dakota State University suggest that feeding up to 100/o CDS on a dry 
matter basis improves average daily gain (Tjardes and Wright, 2002). However, CDS may 
contain up to 300/o fat and dietary fat levels above 6% may depress fiber intake and digestion. 
CDS is a liquid so it must be stored in some kind of storage tank and there is also enough 
water in CDS that it will freeze in the winter complicating the storage of CDS compared with 
the other coproducts. For winter use of CDS storage containers must either be heated or 
buried underground. CDS is a mix of fine particles and liquid that comes through the sieve 
when the when the stillage is centrifuged to separate the wet cake and thin stillage. If CDS is 
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stored for any time the solids tend to settle out and the CDS must be mixed prior to feeding. 
Thus the storage of CDS may be expensive and time consuming if proper facilities are not 
already available. However, CDS are highly palatable and usually an inexpensive source of 
protein and energy for finishing cattle diets. 
There have been very few trials that have been conducted to evaluate feeding CDS to 
cattle, especially CDS from new generation dry-grind plants. In one experiment, Trenkle 
(2002), 72 steers weighing 850 lbs. were fed diets containing corn, com silage, and ground 
hay with either 00/o, 4%, or 8% CDS. Adding CDS to the diet did not significantly affect 
ADG, feed efficiency, or carcass traits. However, feeding 8% CDS significantly reduced 
feed intake. The results in this study suggested that condensed distillers solubles have value 
in replacing a portion of the com and protein in finishing cattle diets. Some of the advantage 
of adding CDS to finishing diets may be in reducing dustiness in dry diets. The CDS also 
helps to make diet mixes more uniform by keeping fines from separating out of the mix. 
Overal~ condensed distillers solubles seem to be a good dietary supplement for finishing 
diets and can replace a portion of the com and protein in the diet. 
Wet Distillers Grain 
Wet com distillers grains with solubles (WDGS) is an excellent feed for finishing 
cattle. However, one disadvantage ofWDGS is transportation costs associated with the 
movement of water and a short storage life of 1to3 weeks. Research by universities in the 
Midwest have shown that WDGS can be added to com-based diets for finishing cattle up to 
400/o of the total diet on a DM basis. WDGS are commonly fed at higher levels of the diet 
and supply both protein and energy to the animal. There are numerous benefits to feeding 
WDGS. For the dry-grind plant, producing the WDGS rather than DDGS reduces drying 
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costs. As stated by Ham et al. (1994), drying costs may account for more than 400/o of energy 
costs in an alcohol plant, so selling more wet coproducts will reduce costs for the plant and 
make it more profitable. There also many benefits to the animals fed WDGS. The current 
philosophy is that feeding WDGS reduces acidosis. Typical finishing feedlot diets contain 
mainly com up to 85-900/o of the total diet. However, the starch in com is rapidly fermented 
by rumen microorganisms to organic acids. The overproduction of the organic acids in the 
rumen from rapid fermentation causes acidosis followed by reduced feed intake and reduced 
gains (Stock et al. 1995). Nearly all of the starch in com is removed during the fermentation 
producing ethanol leaving protein, highly digestible fiber and fat. Replacing part of the com 
grain in finishing diets with distillers coproducts slows the production of organic acids and 
thus helps to reduce acidosis. This may be one reason why the feeding value of WDGS is 
about 120% the value of com (Klopfenstein 2001 ). 
The actual feeding value of WDGS compared to com is not an exact science. 
Experiments with WDGS have given feeding values of WDGS, relative to com grain, 
between 101% (Firkens et al. 1985) and 194% (Trenkle, 1997a). Some of the variability in 
feeding value may be explained by the moisture of the other ration ingredients. Schroeder 
(2003) concluded from on farm observations that feeding wet coproducts in a dry diets helps 
to bind the mixed ration together, thus minimizing sorting and improving diet palatability. 
Variability in the coproducts from the old and new ethanol dry grind ethanol plants may also 
explain some of the variation in the feeding values of the wet coproducts. The new plants are 
more efficient at making starch into ethanol which leaves less starch in the coproducts. The 
coproducts are lower in starch and thus higher in protein, fat and all other remaining 
ingredients. Less starch in the new coproducts may help reduce acidosis and higher fat 
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increases energy in the coproducts, since fat has about 2.25 times more energy than 
carbohydrates. What other effects do WDGS have finishing cattle diets? 
Larson et al. (1993) conducted yearling and calf finishing trials evaluating the feeding 
value of wet distillers coproducts wet distillers grain arid thin stillage. The wet distillers 
coproducts (WDC) were produced from a farm-scale alcohol plant at the University of 
Nebraska Agricultural Research Development Center. The ratio of wet distillers grains: thin 
stillage production (DM basis) was computed monthly, and that ratio of coproducts was 
maintained in the diet. All diets in both trials contained on a dry matter basis 5% com silage, 
5% alfalfa hay, dry-rolled corn, dry supplement, and a protein source: 1) control diet (3.23% 
SBM and 0.54% urea for yearling trial and 6.98% SBM for calf trial), 2) 5.2% WDC, 3) 
12.6% WDC, or 4) 400/o WDC. A yearling finishing trial was conducted in two consecutive 
years to evaluate the feeding value of wet distillers grain and thin stillage. Trials contained 80 
steers each year, year 1 BW of317 kg and year 2 BW of340 kg and fed for 134 and 112 
days in year land 2, respectively. Data for the two years were pooled. Intake increased in 
yearlings fed 5.2 and 12.6% WDC compared to the control diet. Yearlings fed WDC were 
more efficient than the control diet. Carcass traits were not affected by feeding WDC. A 
calf finishing trial was also conducted in two consecutive years, containing 80 steer calves 
each year (year 1, 274 kg and year 2, 279 kg) fed for 195 and 181 din year 1 and 2, 
respectively. The steer calves were fed the same diets as the yearling trial except for the 
control diet which contained more SBM instead of urea. Data was pooled for the two years. 
Feed intake, daily gain and gain/feed all increased when steers were fed WDC. Hot carcass 
weight and quality grade also increased for steers fed WDC. Other carcass traits were not 
affected by adding WDC. The results of these trials suggest that WDC can be fed at 40% of 
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the diet DM without adversely affecting performance. This allows for rapid and concentrated 
dispersion of the wet coproducts. 
Trenkle (1996) conducted a feeding trial with 870-lb steers for 137 days in which 
DDGS and WDGS replaced cracked com. All diets contained 12% dehydrated alfalfa and 
varying levels of cracked com and protein supplement: 1) l.07% urea, 2) 100/o soybean meal 
and urea, 3) 16% DDGS with urea, 4) 14.6% WDGS and urea, 5) 26.2% WDGS and 6) 
37.5% WDGS (diets were originally formulated to have 16, 28 and 400/o WDGS but 
differences in DM resulted in less WDGS than calculated). Feeding 16% DDGS or 14.6% 
WDGS increased ADG. Increasing levels of WDGS in the diet decreased intake, reduced 
gain, and improved feed conversion. The calculated net energy value for the DDGS and 
WDGS were 0.92 and 1.5 times the value of com grain, respectively. The results of this 
experiment support the concepts that WDGS has higher feeding values than com grain and 
that feeding WDGS can increase profits for cattle feeding operations. 
Another trial feeding with WDGS was conducted by Trenkle (1997a). In the trial 96 
yearling steers weighing 940-lb were fed for 113 days. All diets contained mainly cracked 
corn, 12% dehydrated alfalfa, and a protein supplement: 1) Control (1.07% urea), 2) 200/o 
WDG and 3) 40% WDG. Some of the steers fed the 400/o WDG diet were switched to 40% 
DDG later in the trial for one week and then switched back to WDG. The switching was 
done to simulate the disruption in availability of the wet product and assuming only the dry 
product was available. In the experiment as long as intake was regulated during the change, 
the wet and dry distillers grain could be abruptly changed without sacrificing the 
performance of the cattle. Replacing com grain and urea in the experiment with 20% WDGS 
tended to increase gain without an increase in intake which resulted in a significantly 
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increased feed conversion. The 400/o WDG diet decreased feed intake without affecting gain 
which resulted in better feed efficiency. Both of these experiments confirmed observations 
from other research that wet distillers grains have a higher energy value than com grain. The 
last experiment also showed that with good intake management wet distillers grains can be 
abruptly changed to accommodate supply disruption from the com processing plant. This is 
a situation that could happen if the plant has to be shut down for repairs or maintenance, if 
the product is not available, or if the beef producer doesn't order the feed in advance. 
Comparison of Distillers Coproducts 
There have also been some experiments comparing the different distillers coproducts. 
An experiment by Mateo et al. (2004b) compared varying levels of wet distillers grains with 
solubles to dry distillers grains with solubles in :finishing steers over a two year period. In 
each year 120 steers (344 kg) were allotted to one of five treatments containing: l)soybean 
meal (SBM) control diet, 2) 20% DDGS, 3) 200/o WDGS, 4) 400/o DDGS and 5) 400/o WDGS. 
The basal diet (control) consisted of 100/o alfalfa hay, 4% molasses, 2% supplement, 10.5% 
SBM and 73.5% cracked com. The DDGS and WDGS were added to the diet to replace all 
of the SBM and part of the com grain in all of the treatments. The diets were fed for 138 and 
129 day in years 1 and 2, respectively. ADG did not differ between treatments. However, 
steers fed the 400/o WDGS diet consumed less feed and had higher G:F than animals fed the 
20% DDGS diet. There were no statistical differences between the control diet and distillers 
diets in carcass quality or yield grades. This experiment suggests that there are no major 
differences in wet or dry distillers grains other than feeding WDGS reduced intake and 
improved feed efficiency. 
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Wet distillers grain and condensed distillers solubles were evaluated in the same 
experiment. Trenkle (1997b) used 144 yearling heifers in a 121 day feeding trial to evaluate 
replacing com grain and urea with wet distillers grains (WDG) or condensed distillers 
solubles (CDS). The diets on a dry matter basis consisted of 12% dehydrated alfalfa and one 
of six treatments: 1) 1. 07% urea as a control, 2) 100/o soybean meal as another control, 3) 
100/o SBM + 6.5% CDS, 4) 16% WDG, 5) 28% WDG, and 6) 400/o WDG. Replacing com 
grain and part of the urea with soybean meal significantly increased gain and feed efficiency. 
The addition of condensed distillers solubles to the soybean meal diet increased gain and 
efficiency more than SBM alone. Heifers fed 16% wet distillers grains gained 200/o faster 
and were 13% more efficient than those fed the 1.07% urea diet. Carcass weights of heifers 
fed the SBM, CDS and 16% WDG diets were increased. Dressing percent, quality grade, 
yield grade, fat thickness and ribeye area were not affected by diets. In this experiment the 
wet distillers grains had 1.5 times more energy than com grain. The calculated apparent 
energy of the condensed distillers solubles in this experiment was 1.34 Meal/lb which is 1.9 
times the energy of com grain. This experiment suggests that wet distillers coproducts are 
good feed sources for finishing cattle. 
Feeding distillers grains in dairy beef production has recently been addressed by two 
studies conducted at Iowa State University and the University oflllinios. There is a 
relatively large population of dairy cows in the Midwest where a large part of ethanol 
production also exists. Many of the dairy beef steers are sold on a grade and yield basis in a 
contractual agreement which makes nutrition and management decisions very important. 
The experiment by Rinker and Berger (2003) used 320 Holstein steer calves (191 kg) divided 
into 40 pens with 10 different diets for 270 days. All diets contained 15% com silage, com 
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grain and a protein supplement: 1) soybean meal supplement to 14% CP, 2) 12.5% dry 
distillers grain and urea to 14% CP, 3) 25% dry distillers (14-15% CP), 4) 500/o dry distillers, 
5) 25% wet distillers, 6) 50% wet distillers, 7) 37.5% dry distillers to 750 lbs then 20% to 
harvest, 8) 200/o dry distillers to 750 then 37.5% to harvest, 9) 37.5% wet distillers to 750 lbs 
then 20% to harvest, 10) 200/o wet distillers to 750 then 37.5% to harvest. They concluded 
that the addition ofDDG or WDG at moderate levels (12.5o/o-37.5%) can improve 
profitability of dairy beef operations. Feeding distillers grains at 50% reduced performance 
but may be profitable ifDG prices are low. There was little difference in carcass 
measurements in this experiment. The other experiment by Trenkle (2003) included one 
hundred ninety-two 430 lb Holstein steers in a 299 day trial. All diets contained 10% com 
silage, 3% hay, cracked com and a protein supplement: 1) urea control, 2) control containing 
2% soybean meal and urea, and either 10, 20, or 40% dry distillers grains or 10, 20, or 400/o 
wet distillers grains. Feeding WDGS resulted in a linear decrease in feed intake resulting in 
linearly reduced gains. Feeding soybean meal or 40% dry distillers grain increased feed 
intake. Calves fed dry distillers grains had the same feed conversion as the urea 
supplemented diet. Calves fed SBM and 20 or 400/o wet distillers grains had better feed 
conversions than the urea supplemented diet. Steers fed 20 or 400/o wet distillers had better 
feed conversions than all of the dry distillers diets. Dressing percent linearly increased as the 
level of DDGS or WDGS increased and the 40% DDGS and WDGS diets were also 
significantly improved compared to the SBM control diet. Other carcass traits and 
measurements were not affected by treatments. The results of both of these experiments 
indicate that wet or dry distillers grains can be fed to growing and finishing dairy beef steers 
at 10 to 25% of the diet dry matter without affecting performance or carcass traits. 
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Sorghum is another source of starch for producing ethanol and distillers coproducts. 
Fanning et al. (1999), conducted a cattle feeding trial with sorghum and com distillers grains 
to see if there was a difference in feeding value for the coproducts. In the experiment 60 
yearling steers (359 kg) were fed one of three diets for 127 days. The diets on a dry matter 
basis contained mainly dry rolled corn, 7.5% alfalfa hay, 3.5% molasses, 5% supplement and 
treatments consisting: 1) Control diet with urea, 2) 300/o com distillers grain and 3) 300/o 
sorghum distillers grain. ADG, gain:feed, final weight and Diet NEg increased when 
distillers grains were added to the diet. Steers fed sorghum distillers grains had significantly 
higher intakes than com distillers fed steers. Hot carcass weight and fat thickness increased 
when distillers grains were added to the diet. However, no other carcass characteristics were 
affected by adding distillers grains or source of distillers grains. Fanning et al. ( 1999) 
concluded that distillers grain from com and sorghum have similar energy concentrations. 
Based on the performance of the animals in this experiment distillers coproducts had about 
34% more energy than com grain. 
Modified wet distiller grains with solubles is another distillers coproduct that comes 
from some of the new generation ethanol plants. Modified wet distiller grains with solubles 
or modified distillers grains with solubles (MDGS) as it is usually called is dryer than the 
typical wet distillers grains. The MDGS usually contains 500/o moisture (GGE, 2005). 
Modified distillers grains with solubles started to be produced by the ethanol plants because 
of the demand from their customers for a dryer product with a longer shelf storage life then 
wet distillers grain. Customers were opposed to paying truckers to haul excessive water with 
the distillers grain and observing water run out of the truck when the product was delivered. 
But on the other hand, research has suggested that wet distillers grains have a higher feeding 
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value than dried distillers grains. With high gas prices the ethanol plants would rather sell a 
wet product to save money on drying costs and improve profitability. So to meet customer 
demand some of the new ethanol plants were built to produce modified distillers grains with 
solubles. There are a few different ways of producing the MDGS product. Some of the 
plants dry the grain portion completely and then add condensed solubles or syrup to the dried 
grain until the product is completely dry. Another way to produce MDGS is to add the 
solubles and grain portion together before drying and then run it through the drier (GGE, 
2005). The MDGS has a longer storage life than WDGS which is beneficial to smaller 
feedlots that feed the wet product fast enough to keep it fresh. Modified distillers grain with 
solubles should be a good feed source for cattle but there has not been any research done on 
feeding MDGS to beef cattle. 
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Chapter 3. Effects of Replacing Corn Grain and Urea with Condensed 
Corn Distillers Solubles in Diets for Finishing Steers 
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Abstract 
Com distillers solubles (CDS), a coproduct from dry grind com ethanol plants, is 
often available at a low cost. Two experiments were conducted to evaluate CDS when fed to 
finishing steers replacing molasses and a portion of the com and urea. Steers were fed diets 
containing dry rolled com, com silage, chopped grass hay and supplement. In Exp. I, 96 
. steers (Angus and Charolais crossbred, 388 kg) were stratified by weight and randomly 
allotted to 16 pens containing six steers each and four pens allotted at random to 4 
treatments. The 4 treatments were 0%, 4%, 8% and 12% CDS and fed for 109 days. Daily 
feed, gain and gain/feed were 9.44, 10.06, 10, and 10.06 (kg/d); 1.75, 1.78, 1.76, and 1.79 
(kg/d); 0.185, 0.177, 0.176, and 0.179; for 0, 4, 8, and 12% CDS, respectively. Feed intake 
increased when CDS was added to the diet (P = 0.012). Gain, gain/feed, and carcass traits 
were not statistically different (P > 0.1). In Exp. II, ten steers were used in a Latin rectangle 
to evaluate replacing dry rolled com and urea with 4% and 8% CDS, or 10% and 20% wet 
com distillers grain with solubles (WDGS). The steers were placed in digestion crates for 
total collection of feces and urine during a 5 d period following 14 d of diet adaptation. 
Intake (kg/d) ofDM, starch, NDF, ADF, CP, and fat were: 7.99, 8.71, 8.62 & 8.41, 7.83; 
4.92, 4.87, 4.93, & 4.81, 3.95; 1.19, 1.25, 1.19, & 1.42, 1.42; 0.43, 0.48, 0.45, & 0.56, 0.55; 
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0.96, 1.08, 1.03, & 1.03, 1.03; 0.27, 0.35, 0.43, & 0.43, 0.50; for 0%, 4%, 8% CDS and 100/o, 
20% WDGS. Respective apparent digestibilities ofDM, starch, NDF, ADF, CP, and fat were 
79, 78, 76 & 77, 76; 97, 94, 95, & 95, 94; 53, 52, 46 & 52, 56; 41, 45, 37, & 48, 50; 72, 72, 
70, & 69, 69; 63, 66, 65, & 68, 75. Replacing com and urea with distillers coproducts did not 
affect DM intake or digestibility ofNDF, ADF, or CP (p > 0.05), but did increase fat intake 
(p < 0.01). Feeding WDGS inc~eased NDF and ADF intake (p < 0.01). The steers fed 200/o 
WDGS had a lower starch intake than the control diet (p < 0.01) and along with 4% CDS diet 
had lower starch digestibility compared with the control diet (p < 0.05). Steers fed 8% CDS 
had a lower DM digestibility (p = 0.04). Steers fed 20% WDGS had a significantly higher 
fat digestibility (p < 0.01). The results of these studies suggest that CDS can replace a 
portion of com-based diets fed to finishing beef steers without affecting performance or 
carcass value. 
Introduction 
The rapid expansion in dry mill com ethanol industry has resulted in a large supply of 
various com distillers coproducts. Previous research has shown that coproducts from com 
ethanol production are excellent feeds for cattle (Klopfenstein, 2001 and Mateo et al. 2004b). 
Condensed com distillers solubles (CDS) is a coproduct produced by condensing thin stillage 
to 30 to 40% DM. A portion of CDS is added back to the wet grains to produce distillers 
grain with solubles (DGS). Wet DGS is usually dried, but can be fed to cattle in the wet 
form. However, drying wet distillers grains is expensive, and may account for up to 400/o of 
the total energy cost in an ethanol plant (Ham, et al., 1994). Feeding wet coproducts to cattle 
could be a benefit to both the ethanol plant and cattle feeders. CDS is a liquid product is 
stored in tanks and must be heated, or stored underground to prevent freezing. These unique 
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storage problems make CDS harder to sell as a separate product. Based on nutrient 
composition, CDS would be considered a source of energy and protein in cattle diets. In a 
previous study CDS was fed at 6.5% of the diet dry matter and resulted in improved gain and 
feed efficiency in feeding heifers (Trenkle, 1997). In another study by Trenkle (2002) with 
steers , feeding 4% CDS improved feed efficiency but feeding 8% CDS resulted in decreased 
feed intake and gain. The objective of these studies was to evaluate the effects of replacing 
corn grain and urea with condensed corn distillers solubles and wet distillers grains with 
solubles in diets for finishing steers. 
Materials and Methods 
Experiment I. A 109 day finishing trial was conducted with ninety-six Charolais 
crossbred and Angus steers (388 kg initial BW) divided into six weight outcome groups. 
Steers were then randomly allotted from the weight outcome groups to sixteen pens of six 
steers each. Four pens of cattle were allotted to each of four experimental treatments. The 
average of two weights taken on consecutive days at the beginning and end of the trial were 
used as the starting and ending weights. The steers were implanted with Component TE-S on 
the first day of the study. Five steers had to be removed from the study for reasons not related 
to the experiment. Not more than one steer was removed from a pen. Steers were fed a diet 
containing dry rolled corn, 5% silage, 5% hay on DM basis and supplement. The four 
experimental treatments were 00/o, 4%, 8% and 12% CDS (Table 1). Periodic samples of the 
feed ingredients and mixed diets were taken for determination ofDM. All orts were removed 
from the bunks, weighed and sampled for DM determination. 
The steers were sold to a commercial beef packing plant as one group. Hot carcass 
weights were taken after slaughter and carcass grades were obtained 24-hr postmortem. A 
30 
federal beef grader called yield and marbling scores. Hot carcass weights and final live 
weights at the farm were used to calculate dressing percent. Data were analyzed by analysis 
of variance with pen used as the experimental unit. 
Experiment II. In a digestion trial ten beef steers weighing 382 kg were used in a 5 x 
5 Latin rectangle to evaluate replacing dry rolled com and urea with CDS or wet DGS 
(WDGS). The steers were placed in digestion crates for total collection of feces and urine 
during a 5 d period following 14 d of diet adaptation. All diets contained: 5% ground hay 
and 5% com silage on a DM basis, grain mix and one of five treatments (Table 2). The five 
dietary treatments were: 1) Control, 2) 4% CDS, 3) 8% CDS, 4) 100/o WDGS or 5) 200/o 
WDGS. Each treatment had a separate grain mix that was made in batches, sub-sampled for 
later analysis and then stored until needed. Individual diets were fed at 8 a.m. and 4 p.m. 
Diet ingredient samples were collected during each 5 day collection period. Orts were 
collected, and sampled for analysis. Feces were collected daily, weighed and a 5% 
representative sample saved. Thymol was added to the sample to prevent mold growth. 
Samples were stored in a refrigerator until the end of the collection period when they were 
pooled and sub-sampled. Urine was collected in a pan under each crate using synthetic 
outdoor/indoor carpet over the urine grate to prevent fecal contamination. A 50:50, 
concentrated sulfuric acid to water solution, was added to each urine collection container to 
maintain a pH of 4 or lower. Urine was collected and measured daily and a 10% sample was 
saved and stored in a refrigerator at -4°C. At the end of the collection period urine samples 
each steer were pooled, sub-sampled and duplicate samples frozen at -20°C until further 
analysis. Diet, orts, and fecal samples were dried in duplicate for 72 hat 55°C in a forced air 
oven for DM determination and stored until further analysis. The CDS samples contained 
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too much fat to dry properly so 20 g of cellulose (Solka-floc) and 100 g of CDS were mixed 
together and dried. A sample of the cellulose was dried to obtain the dry matter. Dry matter 
of CDS was then determined by subtracting the weight of dry cellulose in the mix from the 
dry weight of the mix and then dividing by the weight of the wet CDS. All dry samples were 
ground through a centrifugal mill with a I-mm screen (GlenMills Inc., Model ZM 100, 
Clifton, NJ). A portion of each ground and stored sample was dried for 48 h at 70°C in a 
forced air oven to correct all analysis to a dry basis. 
Neutral detergent fiber and acid detergent fiber concentrations were determined in the 
dried feeds and fecal samples by using a Fiber Analyzer (Ankom Technology, 1998) adapted 
from the method developed by Van Soest et al. (1991). Nitrogen concentrations of dried 
feeds, dried feces and urine were determined by Kjeldahl analysis using procedures described 
by A.O.A.C. (1990) with selenium as a catylist. Lipid concentrations of dried feeds and 
feces were determined by extraction through a cellulose thimble (A.O.A.C., 1990) using 
ether as extraction agent. Ash and organic matter concentrations of the dried feeds were 
determined by combustion at 600°C for 2 hours in a muffle furnace (A.O.A.C., 1990). 
Starch concentrations were determined by a modified method described by AACC method, 
76-10 (1993). Composition of diet ingredients are provided in Tables 3 and 4. Apparent 
nutrient digestibility was calculated by nutrient consumed (kg/d), minus fecal nutrient (kg/d), 
divided by nutrient consumed (kg/d). Apparent digestible energy of the diet was calculated 
by taking the amount of digested starch, NDF, crude protein and ether extract for each animal 
times the gross energy of the respective nutrient. 
Data were analyzed as a 5 x 5 Latin rectangle using the GLM procedure of SAS. The 
Dunnett test was used to compare the treatments to the control (Kuehl, 2000). The 
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experimental unit was the individual animal and the class was the diet. Data were considered 
statistically significant at P < 0.05. 
Results and Discussion 
Experiment/. Feedlot performance of the steers is summarized in Table 5. Feed 
intake was significantly increased when CDS was added to the diet (P = 0.012). Replacing a 
portion of the com grain and urea in the control diet with CDS did not significantly change 
average daily gain or feed efficiency. Sharp and Birkelo (1996b), observed a significant 
increase in average daily gain but no difference in feed efficiency of finishing steers fed up to 
20% CDS. Trenkle (1997) observed an increase in average daily gain and improved feed 
efficiency in heifers fed 6.5% condensed distillers solubles on a dry matter basis. However, 
in another trial Trenkle (2002) observed a significant decrease in feed intake when steers 
were fed com distillers solubles at 8% on a dry matter basis, but no difference in average 
daily gain or feed efficiency. Sharp and Birkelo (1996a) also observed a significant decrease 
in feed intake when com distillers solubles were fed at 10 or 200/o of the diet dry matter, but 
no difference in average daily gain or feed efficiency of growing steers. 
Carcass weights, dressing percentage, marbling and distribution of carcass quality 
grades and yield grades were not affected by feeding CDS at 4%, 8% or 12% dry matter. 
Carcass quality was exceptional for all steers with an average quality grade of 89% Choice-
or better and 700/o yield grades 1 and 2. These data suggest that the feeding value of com 
condensed distillers solubles is equal to or higher than com grain. 
Experiment II. Dietary intake and apparent total-tract digestibilities are shown 
in Table 6. Dry matter intake was similar among treatments, but feeding 4% CDS tended to 
increase feed intake (P = 0.056). Feed intake of steers fed 4% CDS was similar to that 
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reported by Sharp and Birkelo (1996b), a general trend for increased intake when feeding 
CDS. Feeding WDGS significantly increased NDF and ADF intake (p < 0.0001). Steers fed 
4% CDS had significantly higher CP intake because of greater DM intake. The steers fed 
200/o WDGS had a lower starch intake than the control diet (p < 0.0001). Feeding distillers 
coproducts increased ADIN intake (p < 0.01). 
Replacing corn and urea with distillers coproducts increased the intake of ether 
extract (P < 0. 001) because of the higher concentration of ether extract in the coproducts 
compared with corn grain. Total ether extract content of the wet distillers grains with 
solubles and condensed distillers solubles averaged 17.9% (range 16-19.4%) and 37.2% 
(range 19.8-46.5%) on a dry matter basis, respectively (Table 4). The ether extract contents 
in the CDS are much higher than 9 to 14.5% reported by Loy and Miller (2002). However, 
Vander Pol et al. (2004) reported ether extract concentrations in condensed distillers solubles 
averaged 29.5%. Some of the variability in the ether extract content of the condensed 
distillers solubles could be the result of separation of oil and particulate matter with longer 
storage in the holding tanks. Not mixing the solubles before they are removed from the tank 
may result variation in amount of particles or fat in the solubles. This same result could 
happen if the solubles were stored on the farm for an extended amount of time and not 
mixed. 
Feeding distillers coproducts did not significantly affect NDF, ADF, or crude protein 
digestibility. Steers fed 4% CDS and 200/o WDGS diets had lower starch digestibilities 
compared with the control diet. The trend for an increased intake in the 4% CDS diet may 
have affected starch digestibility. A higher feed intake would increase passage rate of the 
feed and allow less time forthe starch to be digested and absorbed. Joanning et al. (1981) 
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found no negative affects on digestibility of com-com silage mixed diets at levels less than 
2X maintenance, but reported an average decrease of 11 % in DM digestibility of the same 
diets fed at 2.4-3. lX maintenance. There is also a negative associative affect between starch 
and fiber digestibility (Loy et al. 2004). The increased fiber (NDF) intake by steers fed the 
200/o WDGS diet could have led to the decreased starch digestibility. Steers fed 8% CDS had 
a significantly lower dry matter digestibility (p < 0.05). Steers fed 20% WDGS had a 
significantly higher ether extract digestibility (p < 0.01). However, diets did not differ in 
calculated digestible energy. Feeding distillers coproducts tended to increase intake but 
resulted in no change in animal performance. 
Implications 
Replacing com grain and urea with condensed com distillers solubles and wet 
distillers grain tends to increase intake but has no affect on overall performance of finishing 
steers. Wet distillers coproducts can effectively replace a portion of the com and protein in 
finishing diets. Feeding wet coproducts can economically benefit both ethanol plants and 
cattle producers by reducing drying costs and feed costs, respectively. 
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Table I. Diets for exoeriment 1 <Dcy Matter Basis) 
% Condensed distillers solubles. DM basis 
0 4 8 12 
Rolled com 86.23 83.33 79.74 76.13 
Distillers solubles 4.00 8.00 12.00 
Com silage 5.00 5.00 5.00 5.00 
Chopped Hay 5.00 5.00 5.00 5.00 
Molasses 0.75 
Urea 1.36 1.05 0.75 0.45 
Limestone 1.00 1.00 1.00 1.00 
Salt 0.30 0.30 0.30 0.30 
Potassium chloride 0.21 0.15 0.05 
Trace mineralsa 0.02 0.02 0.02 0.02 
Vitamin Ab 0.08 0.08 0.08 0.08 
Rumensinc 0.02 0.02 0.02 0.02 
Elemental sulfur 0.04 0.03 0.02 0.01 
~race mineral premix contained: Ca 13.2%, Co 0.10%, Cu 1.5%, Fe (ferrous) 10.0%, 
Fe (ferric) 0.44%, I (as EDDI) 0.200/o, Mn 8.0%, S 5.00/o and Zn 12.0%. 
byitamin A premix contained 5 million IU/kg. 
'Monesin sodium premix contained 176 g/kg. 
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Table 2. Djeq for e.1Deriment 2 Wl:I Matter BMis) 
% Distillers CORroducts. DM basis 
CDS WDGS 
00/o 4% 8% 100/o 200/o 
Corn 86.26 82.67 79.10 77.08 67.65 
Hay 5.00 5.00 5.00 5.00 5.00 
Corn Silage 5.00 5.00 5.00 5.00 5.00 
Distillers solubles 4.00 8.00 
Wet distillers grain with solubles 10.00 20.00 
Molasses 0.75 0.75 0.75 0.75 0.75 
Urea 1.29 0.99 0.68 0.52 
Limestone 1.00 1.00 1.00 1.00 1.00 
Salt 0.30 0.30 0.30 0.30 0.30 
Potassium chloride 0.21 0.11 0.19 0.15 
Trace Mineralsa 0.02 0.02 0.02 0.02 0.02 
Vitamin Ab 0.04 0.04 0.04 0.04 0.04 
Rumensinc 0.02 0.02 0.02 0.02 0.02 
Multi Vitamind 0.06 0.06 0.06 0.06 0.06 
Elemental sulfur 0.04 0.03 0.02 0.02 
abcSee Table 1. 
"Multi Vitamin premix contained vitamin A 454,000 IU/kg, vitamin D3 90,900 IU/kg, 
vitamin E 454 IU/kg and vitamin K (menadione) 182 mg/kg. 
Table l. Chemical anaasis o( grain mi.11 hD;I and sila~ 
Ingredient 
Item Grain mix Hay Sil~e 
DM% 88.8 90.1 35.5 
OM,%DM 97.0 92.2 95.6 
Starch, %DM 68.8 0.0 16.3 
NDF, %DM 9.9 72.7 41.3 
ADF, %DM 2.5 40.6 22.5 
Crude protein, % DM 11.3 7.6 7.9 
Ether extract, % DM 3.5 1.2 3.6 
ADIN %~ 0.0 6.0 3.6 
a Acid detergent-insoluble N expressed as percentage ofN. 
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Table 4. ChemjcaJ analJsjs of coproduds 
Com coproduct 
CDS WDGS 
Item ·Average Range Average Range 
DM% 36.6 33.1 -44.3 31.9 28.8-33.2 
OM,%DM 90.0 89.1 -92.5 93.7 93.5 - 94.1 
Starch, %DM 3.8 2.6-5.9 1.3 0.5 - 1.7 
NDF, %DM 6.3 4.5 -8.7 28.4 26.1 - 31.9 
ADF, %DM 3.0 0.0-8.6 11.5 15.9 - 9.7 
Crude protein, % DM 16.6 14.0-20.9 32.1 31.0-33.4 
Ether extract, % DM 37.2 20.2-46.3 17.9 16.0-19.4 
ADIN %N8 3.6 2.5 - 5.4 4.2 3.1-5.1 
a Acid detergent-insoluble N expressed as percentage of N. 
Table S. fcrformaocc and carcass mrasuumcots of vearliog steers fed CDS 
% Condensed distillers solubles. DM basis 
Item 00/o 4% 8% 12% sara 
Starting weight, kg 385 386 391 390 4.00 
Daily gain, kg 1.75 1.78 1.76 1.79 0.12 
Feed DM intake/day, kg 9.44 10.06* 10.00* 10.04* 0.27 
Gain/feed 0.185 0.177 0.179 0.176 0.17 
Carcass weight, kg 350 348 354 351 7.60 
Marbling scoreb 585 546 587 563 22.90 
Percent choice 81.8% 87.00/o 86.3% 83.3% 
Average yield grade 2.28 2.20 2.32 2.29 0.12 
aStandard error of the mean. 
b500 = small0 , 400 = slight0 
*Different from control p < 0.05. 
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Table 6. Results of the digestibilitt trial 
% distillers CORroducts. DM basis 
CDS WDGS 
00/o 4% 8% 100/o 20% SE~ 
Daily intake (DM basis) 
Dry matter, kg 7.99 8.71 8.62 8.41 7.84 0.1992 
Starch, kg 4.92 4.87 4.93 4.81 3.95** 0.1374 
NDF,kg 1.19 1.25 1.19 1.42** 1.42** 0.0301 
ADF,kg 0.43 0.48 0.45 0.56** 0.55** 0.0145 
Crude protein, kg 0.96 l.08 1.03 1.03 I.03 0.0340 
Ether extract, kg 0.27 0.36** 0.43** 0.43** 0.50** 0.0140 
DE, Mcalb 27.l 27.5 27.6 28.l 25.5 
ADIN,g 0.46 0.86** I. l 7** 2.42** 3.90** 0.0777 
Apparent digestibility,% 
Dry matter 78.6 78.l 75.7* 77.l 75.9 0.78 
Starch 96.6 94.l* 94.7 95.2 94.l* 0.60 
NDF 52.9 52.9 46.0 52.0 56.l 2.19 
ADF 41.2 45.l 36.6 48.0 49.6 2.49 
Crude protein 71.9 72.2 69.6 69.l 69.3 0.89 
Fat 63.2 66.0 65.3 68.0 75.0** 2.51 
astandard error of the mean. 
'Digestible energy in Meal (1Meal=1,000 kcal). 
*Different from control p < 0.05 
**Different from control p < 0. 0 l 
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CHAPTER 4. GENERAL CONCLUSION 
Recent high prices for gasoline have sparked interest in energy alternatives. The 
national average price for regular gasoline has risen above $2.86 per gallon September 2, 
2005 and is always changing (AAA, 2005). Ethanol is an alternative fuel source usually 
added at 10 to 85% of gasoline. Ethanol is a domestically produced renewable fuel that can 
lower the United States dependence on foreign oil. A new Renewable Fuel Standard (RF A) 
passed in the US congress requires the use of at least 7.5 billion gallons of ethanol by 2012. 
Ethanol production of 7. 5 billion gallon will require about 2.3 7 billion bushels of com 
(Urbanchuk, 2005b). An increase in ethanol use will replace a portion of the demand for 
petroleum fuels in the US. Increased ethanol production will also increase the demand for 
com grain and increase com prices. The projected farm-level price for com is expected to 
rise from $2.14 per bushel in 2004-05 to $2.59 per bushel by 2012 (Urbanchuk, 2005b). 
However, increased ethanol production will also result in increased production of ethanol 
coproducts. Most of the growth in the ethanol industry is expected to be from dry grind 
ethanol plants. For every bushel of com used to produce ethanol about 18 lbs of dry distillers 
grain is produced (NCGA, 2005a). The dry distillers grain and other distillers coproducts 
must maintain their value to keep the dry grind ethanol plants profitable. About 7 million 
tons of dry distillers grains is expected to be produced in 2005 (NCGA, 2005a). If the 
majority of new ethanol comes from dry grind plants over 15 million tons of distillers 
coproducts, on a dry matter basis, will be produced in 2012. Increased ethanol production 
results in more distiller coproducts that can be fed to livestock. 
Distillers coproducts have long been fed to cattle but recently swine and poultry 
producers have found benefits of feeding distillers grain (NCGA, 2005b ). The swine and 
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poultry industry feed mainly dried distillers grain with solubles but wet distillers coproducts 
can be fed. High natural gas prices have increased cost of drying wet coporoducts 
encouraging the plants to search for ways of selling more wet coproducts locally. Wet 
coproducts are normally fed to dairy or beef cattle but transportation distance is limited 
because of the short storage life compared with the dry coproducts. Distillers coproducts 
have been evaluated and fed to livestock for several decades but technology has led to 
changes in the coproducts being produced in newer ethanol plants. Changes in the ethanol 
process along with increased production has resulted in a renewed interest in feeding and 
researching distillers grains. Experiments evaluating the use of wet distillers coproducts 
have resulted in mixed results. A study by Fanning et al. (1999), suggested that wet distillers 
grains with solubles contains approximately 400/o more energy than dry-rolled com. 
However, in another study feeding finishing steers wet or dry distillers grain at 20 and 400/o 
of the diet dry matter had no effect on efficiency, gain, carcass weight or carcass quality 
grade (Mateo, 2004b ). The objective of the current experiments was to evaluate the effects 
of replacing com grain and urea with condensed com distillers solubles and wet distillers 
grains with solubles in Diets for Finishing Steers. These experiments give some insight into 
feeding wet distillers coproducts. 
In both experiments adding distillers coproducts tended to increase intake. In the 
feedlot experiment feed intake was significantly increased when condensed distillers solubles 
(CDS) were added to the diet. In the digestion trial adding CDS or wet distillers grain with 
solubles (WDGS) tended to increase intake except for the 200/o WDGS which tended to 
decrease intake. Performance and carcass traits of steers in the feeding trial were not affected 
by feeding CDS. Digestible energy intake of steers in the digestion trial was not affected by 
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feeding CDS or WDGS. Feeding distillers coproducts increased fat intake and feeding 
distillers grain also increased fiber intake. At the same time lowering com grain in the diet 
decreased starch intake. Starch digestibility in the digestion trial was higher than fiber and 
fat and resulted in a trend for lower dry matter digestibility in steers fed the CDS and WDGS 
diets. However, a trend towards increased intake and the higher energy density in additional 
fat intake resulted in similar digestible energy intakes in the experiment. These experiments 
suggest that wet distillers coproducts can replace a portion of the com grain and protein in 
finishing cattle diets without negatively affecting performance. When feeding wet distillers 
coproducts as an energy source, levels that exceed protein requirement, the price of the 
coproducts should be compared with com grain as a source of energy. However, as ethanol 
production and subsequent supply of distillers coproducts increases prices of com grain and 
distillers coproducts are likely to change. 
First of all, as ethanol production increases demand for com will increase. It is 
estimated that by 2012 over 2.37 billion bushels of com will be used to make ethanol 
(NCGA, 2005b). Assuming com yields follow current trends, com production in 2012 is 
projected to reach 12.3 billion bushels (Urbanchek, 2005b) If com production follows 
current projections, in 2012 over 19°/o of the US com crop will be used for ethanol 
production which will increase com prices. On a 100% dry matter basis a current cost com 
grain would be approximately $89.91 per ton [Figured by taking 2000 lb/ton...,_ 56 lb/bushel * 
$2.14/bushel -;-0.85 (average percent dry matter ofa bushel of com)= $89.91 per ton]. 
Based on current com prices wet distillers products would be worth about $89 per ton 
delivered on a dry matter basis. However, looking at the projected farm-level price of$2.59 
per bushel by 2012 would result in prices of over $108 per ton for com grain on a dry matter 
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basis. Current prices for wet distillers grain (30-35% DM) and modified distillers grain (45-
50% DM) are $15-22 and $32-36 per ton, respectively at the ethanol plant (AMS, 2005). On 
a 1000/o DM basis the price for WDG and MDG would be $43-73 and $64-80 per ton, 
respectively. The current DM price for the wet distillers coproducts varies because of 
distance from the ethanol plants, supply of distillers coproducts in the area and DM of the 
coproduct. On a dry matter basis current distillers· coproduct prices are similar to com prices. 
However, as the ethanol industry grows com prices will increase because of increased 
demand for com. At the same time supply of distillers coproducts will increase maintaining 
or lowering the price of distillers coproducts. Higher com prices will make feeding distillers 
coproducts more appealing. Feeding distillers coproduct at high levels will reduce costs 
when com is more expensive but feeding distillers coproducts has more benefits than just 
reducing feed costs. 
The other major benefits of using distillers grains are: palatability, addition of a non-
starch digestible energy which improves rumen health, amount and quality of protein that 
leaves the rumen, wet coproducts add moisture to diets, safety of feeding without upsetting 
digestive function, (Weigel et al., 1997 and Pastoor, 2005). Research has suggested that 
distillers coproducts are highly palatable and the two trials in my study supported this 
conclusion. Firkens et al. (1985, Larson et al. (1993),Lodge et al. (1995) and Vander Pol et 
al. 2004, have noted that feeding distillers coproducts reduces acidosis by replacing soluble 
carbohydrates and starch with fat and effective fiber. Fron et al. (1995) were the first to 
consider other ways distillers coproducts may reduce acidosis. Their experiment involved a 
microbial study in six ruminally-cannulated steers. Steers were fed a 900/o dry rolled com 
alfalfa diet for four weeks and then rumen samples were taken. After sampling, three steers 
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remained on the control diet and the remaining three steers were changed to a diet containing 
15% CDS on a dry matter basis. The results of the study suggested that the high initial 
concentrations of lactic acid in CDS affected both rumen microbiology and metabolism by 
increasing the cultural number of lactic acid utilizing bacteria that resulted in an enhanced 
capacity to ferment lactic acid. Increasing the population of lactic acid utilizing bacteria will 
reduce the incidence of both acute and sub-acute acidosis. Replacing soluble carbohydrates 
with fat and effective fiber and increasing lactic acid utilizing bacteria could contribute to 
reduced acidosis in ruminants fed diets containing distillers coproduct. The low starch 
content of distillers grains results in their being safe to add to diets of ruminants not adapted 
to grain. Calves are fed mainly forage diets and introducing large amounts of soluble 
carbohydrates and protein can upset the rumen in young calves. Distillers coproducts contain 
very little carbohydrates and the protein is about 500/o indigestible in the rumen which makes 
distillers coproducts a good supplemental feed source for calves. 
Distillers coproducts are excellent sources of phosphorus (P) and potassium, two key 
essential minerals (Weigel et al., 1997). Because Pin plants is present as phytate there is 
variability among animal species in availability of P from plant derived feeds.Pin feeds 
tends to be more available to ruminants because of the presence ofphytase in the rumen 
microbes that can release P from phytate. However, phosphorus is often overfed in cattle 
finishing diets. Overfeeding P results in higher P excretion in feces and urine and can be a 
potential environmental problem. One benefit of feeding distillers coproducts to 
nonruminants is that the P in the distillers grain has a higher bioavailability than com grain. 
Bioavailability of P in poultry was measured in a study by Lumpkins and Batal (2005), and 
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found to range from 54 to 68% compared with 30 to 400/o for com grain. Whitney et al. 
(2001) conducted a study with swine and reported P availability ranging from 87.5 to 92.2. 
Distillers coproducts can be fed to many different species in either a wet or dry form. 
The production of these coproducts will increase immensely in the next few years increasing 
supply and probably decreasing price. Beef and dairy cattle are best suited for utilizing the 
wet distillers coproducts. Feeding wet distillers coproducts to finishing cattle has been 
extensively researched. The dry-grind ethanol industry however has changed immensely in 
the last five to ten years and has resulted in alteration of the nutrient content of distillers 
coproducts. Dry-grind plants have become more efficient at converting starch into ethanol 
which has reduced the starch and carbohydrates in distillers coproducts. New technology 
will continue to change dry-grind plants and distillers coproducts. One new technology that 
is currently being implemented is the extraction of oil from the dry-grind process (Honnef, 
2005). Extraction of oil from the process will decrease the oil in the distillers coproducts and 
might allow for more of the coproducts to be added to cattle diets. This and other new 
technology will result in significant changes in distillers coproducts and create a need for 
research on these new coproducts. 
Distillers coproducts fed at high levels result in fat intakes above recommended 
levels. The general recommendation is that fat be limited to 5-6% of the diet dry matter 
(Pastoor, 2005). Higher levels of fat alter fermentation in the rumen by coating fiber, 
inhibiting fiber digesting bacteria and binding calcium and magnesium, reducing their 
availability. Lower fat content will allow distillers coproducts to be fed at higher levels with 
less of a negative affect on performance. 
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The research conducted in this study suggests that distillers coproducts can replace a 
portion of the corn grain and urea without negatively affecting performance. This 
information is important to the future of livestock production especially if corn prices 
increase as projected. Higher corn prices will result in higher feed costs and lower profits 
unless a less expensive feed source like distillers coproducts can be used to replace at least 
part of the corn. More research needs to be done with the wet coproducts to further 
understand their benefits and value. Future research with distillers coproducts is important to 
the livestock industry but researching wet or modified distillers coproducts may be more 












































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Iabk A.3. Feed intake for sami;iks Qf silage (QeriQd U and CDS (i;ieriQd 3) when smm.~es were ~han~d 
As fed silage intake, kg As fed CDS intake, kg 
Animal Period Diet Period 1.1 Period 1.2 Period 3.1 Period 3.2 
23 1 10% 19.96 29.94 
30 1 10% 20.68 31.03 
39 1 Cont. 18.51 27.76 
41 1 4% 20.50 30.75 
47 1 4% 22.68 34.02 
48 1 20% 24.67a 12.34a 
50 1 20% 21.23 31.66 
76 1 Cont. · 17.42 26.13 
168 1 8% 24.13 36.20 
701 1 8% 20.68 26.22 
39 3 4% 23.59 
41 3 8% 24.04 
47 3 8% 27.03 
76 3 4% 23.27 
Silage source was changed during period so samples were not pooled. 
CDS source was changed during period so samples were not pooled. 
aTotal for 3 day period since animal was sick on days 4 and 5 of period 1. 
Table A.4. Diet ingredients Qn an as fed basis 





Feed ingredient Control 4%CDS 8%CDS 10%WDGS 20%WDGS 
Grain mix 83.33 75.45 69.09 62.50 47.50 
Hay 4.58 4.55 4.09 3.75 3.33 
Silage 12.08 11.82 10.91 10.42 8.75 
CDS 0.00 8.18 15.91 0.00 0.00 
WDGS 0.00 0.00 0.00 23.33 40.42 
51 
Table A.5. Chemical composition of diet ingredients 
Feed Ingredient Period Dry matter% Starch% NDF% ADF% 
Grain Mix, Control 1 87.85 68.89 9.54 2.26 
Grain Mix, Control 2&3 88.05 70.83 9.90 2.32 
Grain Mix, Control 4 89.33 64.74 10.21 2.33 
Grain Mix, Control 5 90.59 67.87 10.17 2.48 
Grain Mix, 4% CDS 1 87.73 63.76 9.43 2.54 
Grain Mix, 4% CDS 2&3 87.20 66.51 9.51 2.38 
Grain Mix, 4% CDS 4 89.73 64.28 10.40 2.65 
Grain Mix, 4% CDS 5 90.65 60.96 9.99 2.56 
Grain Mix, 8% CDS 1 87.70 68.18 9.63 2.53 
Grain Mix, 8% CDS 2&3 88.02 67.21 9.69 2.54 
Grain Mix, 8% CDS 4 90.55 67.42 10.08 2.77 
Grain Mix, 8% CDS 5 90.96 71.30 10.61 2.89 
Grain Mix, 10% WDGS 1 87.81 79.99 9.76 2.39 
Grain Mix, 10% WDGS 2&3 87.04 70.67 9.16 2.39 
Grain Mix, 10% WDGS 4&5 90.14 69.93 11.29 3.50 
Grain Mix, 20% WDGS 1&2 89.84 72.35 9.66 2.11 
Grain Mix, 20% WDGS 3&4 89.30 71.17 9.72 2.23 
Grain Mix, 20% WDGS 5 90.49 71.81 9.32 2.14 
Hay 1 88.68 0.32 72.19 41.11 
Hay 2 90.92 0.00 68.37 35.99 
Hay 3 89.97 0.00 74.41 41.49 
Hay 4 90.50 0.00 78.77 44.60 
Hay 5 90.40 0.00 69.64 39.94 
Silage 1.1 35.07 15.24 39.43 21.64 
Silage 1.2 35.29 14.77 40.77 22.37 
Silage 2 35.60 15.63 43.85 24.26 
Silage 3 35.22 18.14 41.95 22.68 
Silage 4 36.14 15.37 41.27 22.55 
Silage 5 35.60 18.65 39.21 20.79 
CDS 1 33.08 4.31 6.89 0.00 
CDS 2 40.39 5.90 6.22 5.74 
CDS 3.1 33.61 3.71 8.67 8.65 
CDS 3.2 44.32 3.73 5.38 2.25 
CDS 4 34.04 2.63 6.43 3.23 
CDS 5 34.14 2.73 4.48 0.56 
WDGS 1 28.83 0.48 31.91 11.85 
WDGS 2 32.61 1.32 26.69 9.80 
WDGS 3 33.23 1.35 31.14 15.85 
WDGS 4 32.96 1.74 26.11 10.03 
WDGS 5 31.79 1.47 26.27 9.73 
Silage source was changed during period so samples were not pooled. 
CDS source was changed during period so samples were not pooled. 
52 
Table A.6. Chemical composition of diet ingredients 
Feed Ingredient Period Crude 12rotein % Ether extract % ADIN% 
Grain Mix, Control 1 13.16 3.51 0.00 
Grain Mix, Control 2&3 13.14 3.59 0.00 
Grain Mix, Control 4 13.17 3.29 0.00 
Grain Mix, Control 5 10.50 3.61 0.00 
Grain Mix, 4% CDS 1 13.62 3.24 0.00 
Grain Mix, 4% CDS 2&3 12.82 3.28 0.00 
Grain Mix, 4% CDS 4 11.06 3.93 0.00 
Grain Mix, 4% CDS 5 13.35 3.25 0.00 
Grain Mix, 8% CDS 1 12.29 3.52 0.00 
Grain Mix, 8 % CDS 2&3 12.02 3.33 0.00 
Grain Mix, 8% CDS 4 11.73 3.54 0.00 
Grain Mix, 8% CDS 5 11.29 3.50 0.00 
Grain Mix, 10% WDGS 1 11.12 3.75 0.00 
Grain Mix, 10% WDGS 2&3 11.09 3.59 0.00 
Grain Mix, 10% WDGS 4&5 9.01 3.83 0.00 
Grain Mix, 20% WDGS 1&2 8.04 3.03 0.00 
Grain Mix, 20% WDGS 3&4 8.39 3.71 0.00 
Grain Mix, 20% WDGS 5 8.26 3.47 0.00 
Hay 1 6.20 0.80 0.05 
Hay 2 8.82 1.51 0.06 
Hay 3 7.33 0.99 0.10 
Hay 4 8.18 1.13 0.09 
Hay 5 7.54 1.42 0.06 
Silage 1.1 7.94 3.30 0.03 
Silage 1.2 7.82 3.79 0.04 
Silage 2 8.32 3.85 0.04 
Silage 3 7.78 3.66 0.07 
Silage 4 8.24 3.86 0.03 
Silage 5 7.55 3.37 0.06 
CDS 1 20.89 35.03 0.11 
CDS 2 14.21 20.19 0.12 
CDS 3.1 16.50 36.38 0.07 
CDS 3.2 13.97 43.15 0.08 
CDS 4 16.77 46.29 0.09 
CDS 5 17.17 42.31 0.09 
WDGS 1 32.95 15.99 0.27 
WDGS 2 31.95 17.68 0.20 
WDGS 3 33.36 18.10 0.26 
WDGS 4 31.10 18.49 0.18 
WDGS 5 30.99 19.43 0.16 
Silage source was changed during period so samples were not pooled. 
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